Plant morphogenesis depends on the synchronized anisotropic expansion of individual cells in response to developmental and environmental cues. The magnitude of cell expansion depends on the biomechanical properties of the cell wall, which in turn depends on both its biosynthesis and extensibility. Although the control of cell expansion by the phytohormone auxin is well established, its regulation of cell wall composition, trafficking of H + -ATPases, and K + influx that drives growth is still being elucidated. Furthermore, the maintenance of auxin fluxes via the interaction between the cytoskeleton and PIN protein recycling on the plasma membrane remains under investigation. This review proposes a model that describes how the cell wall, auxin, microtubule binding-protein CLASP and Kin7/separase complexes, and vesicle trafficking are co-ordinated on a cellular level to mediate cell wall loosening during cell expansion.
Introduction
The plant cell wall facilitates numerous activities including cell expansion, intercellular communication, solute transport, and defense. Although cell wall architecture is known to be essential for cell expansion, the biomechanical properties and molecular mechanisms underlying this phenomenon are just beginning to be understood. In particular, auxin has been shown to play a key role in the regulation of cell expansion through altering properties of the cell wall (Mockaitis and Estelle, 2008) . The cellular response to auxin encompasses changes in microtubule behavior, vesicle trafficking, and cell wall architecture. Although auxin plays a key role in cell division, cell polarity, cell expansion, and cell wall loosening (Perrot-Rechenmann, 2010; Takatsuka and Umeda, 2014) , for the purposes of this review only the role of auxin in cell wall loosening is considered. This review evaluates recently published data on the formation and composition of CELLULOSE SYNTHASE A (CESA) complexes, the biological role of xyloglucan, auxin perception and transport, cortical microtubule interactions, and the role of vesicular trafficking on cell wall dynamics. Specifically, it focuses on how auxin promotes transcription, delivery, and activity of H + -ATPase and K + channels, how microtubule-binding components of cellulose synthase complexes (CSCs) can both direct cell wall synthesis and stabilize microtubules (MTs), how CLASP/SNX1 complexes promote both microtubule stability and recycling of PIN2, and how stabilization of MT by the Kin7/separase complex is essential for PIN2 polarity in root cortex cells. Finally, these data are integrated and a comprehensive model is proposed to explain how the cell wall, auxin, microtubules, and vesicular trafficking work together to co-ordinate cell wall loosening during expansion. For a detailed account of the interactions between phytohormones, the cell wall, cortical MT orientation, and growth we refer the reader to previously published reviews (Sánchez-Rodríguez et al., 2010; Depuydt and Hardtke, 2011; McFarlane et al., 2014; Chen et al., 2016) .
Cellulose synthase complexes and xyloglucan
The cell wall is composed of a cross-linked network of crystalline cellulose microfibrils interlocked with hemicellulose (glucans and arabinoxylans) embedded in a polysaccharide gel of pectin (Bosch et al., 2011) . Most cell wall components such as xyloglucan are synthesized at the Golgi apparatus before being excreted into the extracellular space. However, cellulose microfibril synthesis occurs at the plasma membrane via CSCs composed of CESA proteins (Persson et al., 2007; Zabotina, 2012) . Each cellulose microfibril is composed of up to 36 hydrogen bonded β-1, 4-glucan chains (Bacic et al., 1988; Somerville, 2006; McFarlane et al., 2014) . Although the morphology of CSCs is similar in different cell types, the protein composition varies depending on the type of cell wall produced: the primary cell wall is synthesized by CESA1, 3, 6, or 6-like whereas the secondary cell wall is synthesized by CESA4, 7, and 8, all with a 1:1:1 stoichiometry (Taylor et al., 2000; Tanaka et al., 2003; Desprez et al., 2007; Persson et al., 2007; Handakumbura et al., 2013; Gonneau et al., 2014; Hill et al., 2014) . Although considered functionally distinct, subunits of the CSC responsible for the synthesis of primary and secondary CESAs may have conserved roles. For example, AtCESA7 partially rescues the weak atcesa3 mutant je5 (Carroll et al., 2012) and AtCESA1 rescues the cellulose-deficiency phenotype of the atcesa8 mutant irx1 when driven under the AtCESA3 or AtCESA7 native promoters .
These data indicate functional similarity between primary and secondary CESAs and suggest tissue-specific expression determines CESA activity.
CESA proteins are hypothesized to arrange into a 36-protein CSC (Fig. 1A) , which is translocated from the Golgi apparatus to the plasma membrane where it is inserted and activated to synthesize cellulose microfibrils (Ding and Himmel, 2006; Persson et al., 2007 , Ding et al., 2014 . However, this longstanding view that the CSC is a 36-hexameric complex has recently been questioned. Wide-angle X-ray scattering, smallangle neutron scattering, and solid-state nuclear magnetic resonance in celery collenchyma cellulose revealed a smaller microfibril chain, alluding to the possibility of an 18-24 hexamer CESA complex (Fig. 1B, C) (Thomas et al., 2013) . In addition, while computational modeling has predicted that a single 36-mer CSC rosette subunit would have a diameter of 12.6 nm and a total diameter of 36 nm, electron microscopy showed CSC rosettes were only 25-30 nm, further indicating that functional CSCs are smaller 18-or 24-hexameric complexes (Doblin et al., 2002; Saxena and Brown, 2005; Lerouxel et al., 2006; Newman et al., 2013; Sethaphong et al., 2013) . Thus, CSCs may be diverse in size in a species-or tissue-dependent manner.
The hemicellulose xyloglucan binds non-covalently to cellulose microfibrils and has been shown to undergo auxininduced metabolism (Bauer et al., 1973; Labavitch and Ray, 1974) . This stimulates hydrolysis, causing a decrease in largersized xyloglucans and an increase in smaller-size xyloglucans without decreasing xyloglucan turnover within the cell wall (Labavitch and Ray, 1974; Nishitani and Masuda, 1981; Cosgrove, 1997) . Surprisingly, the Arabidopsis thaliana xyloglucan-deficient mutant xxt1/xxt2 displays mild developmental defects including decreased plant height and twisted stems (Cavalier et al., 2008; Cosgrove, 2014; Xiao et al., 2016) . Atomic force microscopy of xxt1/xxt2 showed unidirectional cellulose microfibril orientation instead of the typical criss-cross pattern (Xiao et al., 2016) . In addition, xxt1/xxt2 showed hypersensitivity to mechanical pressure and to the microtubule-destabilizing drug oryzalin, as well as a decrease in expression of cell wall-related genes resulting in a 20% loss in cellulose. Thus, xyloglucan appears to be essential for both cortical MT stability and cellulose organization (Xiao et al., 2016) . Specific junctions where xyloglucan and cellulose microfibrils interact are thought to regulate cell expansion at so-called 'biomechanical hotspots' of endoglucanase activity Cosgrove, 2012, 2014; Zhao et al., 2014) . Cell wall loosening by digestion of hemicellulose would then only occur at select sites of cellulose and xyloglucan contact, allowing for greater control of cell expansion.
In addition to cellulose microfibrils and xyloglucan polymers, other cell wall components also contribute to loosening. For example, homogalacturonan (HG), the most abundant pectin polymer, alters cell wall extensibility and organ initiation by changes in methylesterification (Peaucelle et al., 2011) . Low levels of pectin methylesterification accompany reduced cell wall extensibility and cell growth termination (Bosch and Hepler, 2005; Parre and Geitmann, 2005; Derbyshire et al., 2007; Pelletier et al., 2010; Peaucelle et al., 2011) . Random demethylesterification of HGs has been associated with HG degrading polygalacturonase and apoplastic acidification (Francis et al., 2006; Pelloux et al., 2007) , supporting the notion that pectin methylesterification status contributes to cell wall rigidity and overall cell expansion. In addition to the polysaccharide matrix, cell wall architecture is dependent upon a number of structural proteins such as extensins, which are short rod-like polymers (Heckman et al., 1988) . Extensin loss-of-function mutants are embryo-lethal and form incomplete cell plates (Cannon et al., 2008) . Intriguingly, positively charged extensins react with the acidic pectin to form scaffolds for cell wall biosynthesis (Cannon et al., 2008; Valentin et al., 2010) . Pectin demethylesterification increases extensinpectin interactions, leading to the dual role of growth inhibition and assembly of nascent cell walls (Cannon et al., 2008; Wolf et al., 2012) .
Auxin perception and transport
The canonical auxin-signaling pathway has been previously reviewed (Mockaitis and Estelle, 2008) . Overall, auxin acts as the molecular glue between transport inhibitor response 1 (TIR1) in the nucleus where the SCF TIR1/AFB complex binds Auxin/INDOLE 3-ACETIC ACID (AUX/IAA) proteins, leading to their ubiquitination and degradation by the 26S proteasome (Gray et al., 2001; Dharmasiri et al., 2005; Kepinski and Leyser, 2005; Tan et al., 2007; Calderón Villalobos et al., 2012) . Degradation of AUX/IAA enables binding of AUXIN RESPONSE FACTORs (ARFs) to auxin-response elements (AuxRE) in the promoters of auxinresponsive genes (Guilfoyle et al., 1998; Korasick et al., 2014) .
However, recent evidence indicates auxin also influences many activities at the cell wall. High auxin concentrations increase the trafficking of H + -ATPases to the plasma membrane and promote up-regulation of SMALL AUXIN UP-RNA (SAUR) genes that bind and inactivate D-clade type 2C protein phosphatases (PP2C.D; Spartz et al., 2014 Therefore, SAURs and other auxin-induced genes activate H + -ATPases for the export of H + into the extracellular matrix, causing apoplast acidification (Duby and Bountry, 2009; Perrot-Rechenmann, 2010; Hohm et al., 2014; Spartz et al., 2017 ). This net efflux of H + ions gives credence to the acid growth theory proposed for cell wall relaxation and cell elongation (Rayle and Cleland, 1970, 1977; Hager et al., 1971; Rayle, 1973) . In support of this theory, extracellular enzymes such as expansins (EXPs) and endotransglucosylase/hydrolases (XTH) have been shown to have higher activity at pH 4 (Rayle and Cleland, 1992; Hager, 2003; Spartz et al., 2014; Cosgrove, 2016b) . Activation of the H + -ATPase also causes cellular hyperpolarization and K + influx that drives water uptake to generate the turgor pressure required for cell expansion (Philippar et al., 1999; Cosgrove, 2016a) . In most growing cells, extracellular acidification and cell wall loosening occurs perpendicular to the growth axis, resulting in anisotropic expansion (Baskin, 2005; Sánchez-Rodríguez et al., 2010) .
Local auxin concentration gradients are critical for cell expansion (Grones and Friml, 2015) . Formation of lateral auxin gradients is accomplished by short-distance transport mediated by cell-to-cell influx and efflux. Auxin influx is mediated by the auxin transporter protein 1 (AUX1) and auxin transporter-like protein (LAX) family (Bennett et al., 1996; Yang et al., 2006; Swarup et al., 2008) , whereas efflux is modulated by pin-formed (PIN) transporters (Galweiler et al., 1998; Friml et al., 2002 Friml et al., , 2003 Friml et al., , 2004 Benková et al., 2003; Petrasek et al., 2006; Wisniewska et al., 2006; Grieneisen et al., 2007; Grunewald and Friml, 2010; Heisler et al., 2010) . Overall, PIN and AUX1/LAX proteins facilitate auxin flux at the plasma membrane, with the net direction of auxin transport establishing lateral auxin gradients required for cell expansion (Křeček et al., 2009) . Interestingly, disruption of cell wall biosynthesis leads to altered auxin transport, suggesting crosstalk between the cell wall and auxin (Feraru et al., 2011) . The PIN2::PIN1-HA; pin2 line was used to identify mutants that regulate PIN polarity. Two weak alleles of CESA3, repp3 and je5, were identified that changed PIN1-HA localization from basal/rootward to apical/shootward where PIN2 is normally localized, thus restoring anisotropic growth and gravitropic responses. In addition, cesa1 rsw1-10 and cesa6 prc1-1 also showed rescue of PIN polarity and restoration of gravitropism (Feraru et al., 2011) , further demonstrating a crucial role of CESA proteins for PIN polarity and auxin signaling.
Auxin is not the sole hormonal regulator of CESA activity or cell expansion. For example, brassinosteroids (BR) have been shown to control transcription of CESAs and thus play a role in cell expansion (Xie et al., 2011) . More recently, BRASSINOSTEROID INSENSITIVE 2 (BIN2), a negative regulator of BR-signaling, was shown to regulate cellulose biosynthesis by the phosphorylation of CESA1 (Sánchez-Rodríguez et al., 2017) . In addition, gibberellins (GAs) and BRs have been shown to co-operatively promote cell expansion through a direct interaction between BRASSINAZOLE-RESISTANT 1 (BZR1) and GA-inactivated DELLA transcriptional regulators (Bai et al., 2012) . Clearly, mounting evidence points towards extensive hormone networks that regulate cellulose biosynthesis and subsequent expansion where auxin plays a key role.
Auxin and cortical microtubules
While the cell wall loosening model explains how auxin mediates expansion, it provides no mechanism for anisotropic processes. The directionality of expansion is defined by the orientation of cortical MTs, which govern orientation of cellulose microfibrils (Cosgrove, 2005; Sedbrook and Kaloriti, 2008) . Previous studies have reported that the transverse arrangement of cortical MTs relative to the elongation axis correlates with anisotropic cell expansion, while longitudinal alignment of MTs correlates with growth inhibition (Lloyd and Chan, 2004) . Several studies have shown that auxin treatment causes cortical MTs to reorient from a transverse to longitudinal position within the cell Hasenstein, 1993, 1995; Shibaoka, 1998, 1999; Chen et al., 2014; Oda, 2015) . Induction of cortical MT reorientation by auxin in A. thaliana has been suggested to require Rho of Plants (ROP6) GTPase, and its effector protein ROPinteractive CRIB motif-containing protein RIC1 (Xu et al., 2014) , which can bind to katanin (KTN1) and activate its microtubule severing activity (Lin et al., 2013) . AUXIN BINDING PROTEIN 1 (ABP1) was proposed to be required for reorientation of MTs upon auxin application . However, the biological function of ABP1 has been revisited (Gao et al., 2015) , and MT reorientation may be an indirect consequence rather than the cause of auxin-mediated growth inhibition (Baskin, 2015; Schopfer and Palme, 2016) . Thus, the mechanism of MT reorientation upon auxin treatment remains an outstanding question in the field.
Although the relationship between auxin, cortical MTs orientation, and growth seems elusive, the role of the cytoskeleton in the establishment of auxin maxima appears to be unequivocal. Organization of cortical MTs correlates with PIN1 localization in response to biomechanical stimuli in the shoot apical meristem (Heisler et al., 2010 ). It appears that microtubules work in concert with actin filaments to maintain auxin fluxes through polar targeting of PINs. Experiments in roots demonstrate that short-term disruption of cortical MTs by oryzalin has no immediate effect on PIN1 or PIN2 localization, whereas long-term oryzalin treatment inhibits polar localization of PIN1 in the stele and of PIN2 in cortex cells (Kleine-Vehn et al., 2008) . No effect on the polarity of PIN2 in epidermal cells has been observed. Furthermore, treatment with microtubule depolymerization drugs promoted accumulation of cytoplasmic PIN1 and PIN2 vesicles (Kleine-Vehn et al., 2008; Ambrose et al., 2013) . Interference with actin filaments affected apical targeting of PIN2 in root cortex cells and caused accumulation of cytoplasmic PIN2-puncta (Kleine-Vehn et al., 2008) . Thus, microtubules appear to control PIN polarity in a manner that is specific to the cell type. Interestingly, disruption of cellulose biosynthesis either genetically or chemically with isoxaben also causes altered localization of PIN1 and re-organization of cortical MTs (Feraru et al., 2011; Abu-Abied et al., 2015) . Thus, unraveling auxin fluxes requires detailed understanding of the interplay between cell wall structure and the dynamics of microtubule and actin filaments in specific cell types.
On the molecular level, two microtubule mechanisms have been shown to govern polar localization of PINs. The first is based on the microtubule-associated protein CLASP. CLASP is thought to retain endosomes proximally to the plasma membrane by recruiting them to microtubules through interactions with sorting nexin 1 (SNX1). Such retention could facilitate endosome recycling (Ambrose et al., 2013) . clasp knockdown results in PIN2 degradation and depletion on the plasma membrane. Consequently, auxin maxima at the root tips were significantly reduced, though neither polarity of PIN2 localization nor gravitropic responses were affected.
The second mechanism is based on the caspase-domain protease separase/ESP (extra spindle poles; Moschou and Bozhkov, 2012) . In addition to canonical functions in chromatid disjunction (Wu et al., 2010; Yang et al., 2011) , the separase conditional null allele rsw4 exhibits multiple auxinrelated phenotypes including a switch from basal/rootward to apical/shootward PIN2 polarity in root cortex cells, isotropic cell expansion, formation of ectopic auxin maxima in primary roots, and delayed gravitropic responses (Moschou et al., 2013) . The PIN2 polarity shift is preceded by alteration of microtubule organization. Moreover, rsw4 was found to be hypersensitive to microtubule depolymerization and some of the phenotypes could be rescued by microtubule stabilization with the drug taxol (Moschou et al., 2016 ). It appears that separase controls microtubule stability by activating group 7 (CENP-E like) kinesins Kin7.1, Kin7.3, and Kin7.5. This activity is independent of the proteolytic functions of separase. In support of this conclusion, ectopic expression of constitutively active Kin7.3 partially rescues both microtubule dynamics and auxin-signaling defects.
Microtubules, vesicle trafficking, and the cell wall
Microtubules govern the orientation of cellulose microfibrils in cell walls by directing CSC movement. Disruption of cortical MT by oryzalin treatment or by genetic means affects CSC trafficking, cell wall patterning, and cell elongation (Paradez et al., 2006; Paredez et al., 2006; Gutierrez et al., 2009; Sampathkumar et al., 2013) . Such co-ordination of CSC movement with microtubules led to the suggestion that some components of the CSC are microtubule-associated proteins. Indeed, a microtubule and CESA binding protein CELLULOSE SYNTHASE INTERACTIVE 1 (CSI1) was identified (Gu et al., 2010; Gu and Somerville, 2010) . While knockout of CSI1 or its close homologue CSI3 causes detachment of CSCs from cortical MTs and cell expansion defects, the csi1csi3 double-mutant shows more severe cell expansion defects . Mutation of CSI1 also reduces rigidity of cortical MTs and causes their lateral displacement . In another study, regression analysis was performed on a collection of public microarray datasets to identify genes that co-expressed with CESA1, 3, and 6 (Persson et al., 2005) . Two identified proteins, companion of cellulose synthase 1 and 2 (CC1 and CC2), comigrated with CSCs along microtubules, directly interacted with microtubules, and promoted microtubule polymerization in vitro (Endler et al., 2015) . Mutations in CC1 and CC2 resulted in a reduction of cellulose synthesis under salt stress. Thus, targeting of CSCs to microtubules by CSI and CC proteins provides a positive feedback loop, which preserves the microtubule tracks and directs movement of the corresponding CSC.
In addition to the Golgi apparatus and plasma membrane, CESAs have also been observed in small motile CESA compartments (SmaCCs; Gutierrez et al., 2009) , also known as MT-associated CESA compartments (MASCs; Crowell et al., 2009) . SmaCC/MASC have been implicated in CESA endocytosis under higher osmotic pressure or isoxaben treatment as both increase the number of SmaCC/MASC in the cortical cytoplasm Sampathkumar et al., 2013) . It has been suggested that these SmaCC/MASCs are part of the trans-Golgi network (TGN) that facilitates the delivery of CESAs to the plasma membrane (Ebine and Ueda, 2015) . Mechanisms underlying polar vesicle trafficking within the TGN have recently been correlated to the composition of Golgi-derived vesicles. For example, vesicles enriched in sphingolipids with α-hydroxylated acyl-chains of at least 24 carbons convey de novo synthesized PIN2 proteins to the apical plasma membrane of root epithelial cells in A. thaliana (Wattelet-Boyer et al., 2016) .
While cortical MT stability and orientation are crucial for normal cellulose biosynthesis and microfibril alignment, it is only one piece of a complex puzzle. Cortical MTs direct CSC trafficking, but removal of these MTs does not completely abolish the directional movement of CSCs, suggesting another mechanism for CESA trafficking (Emons and Mulder, 2000; Paradez et al., 2006; Gutierrez et al., 2009) . Loss of anisotropic growth and irregular cellulose deposition have also been observed in response to disrupted organization of the actin cytoskeleton. Actin filaments are known to support intracellular movement of cytoplasmic organelles, vesicle trafficking, and cargo distribution (Szymanski, 2009; Mooren et al., 2012) . Recent evidence has shown that the act7 mutant displays developmental phenotypes caused by defects in polar auxin transport, implicating ACT7 as a regulator of PIN1 and PIN2 expression (Zhu et al., 2016) . Additionally, act2act7 double-mutants show decreased mobility of CESA-containing Golgi bodies (Sampathkumar et al., 2013) . SmaCC/MASC in act2act7 or in plants treated with the actindepolymerizing drug Latrunculin B (LatB) formed aggregates of fluorescently labeled CESAs (Sampathkumar et al., 2013; Lei et al., 2014) . Moreover, SmaCC/MASC showed increased association with cortical MTs upon LatB treatment, suggesting a possible hand-off and/or competition of vesicles between cortical MTs and actin filaments (Sampathkumar et al., 2013; McFarlane et al., 2014) . Thus, microtubules and actin filaments co-operate in trafficking and retention of SmaCC/MASC by the plasma membrane.
Since non-cellulosic components of cell walls are delivered to the extracellular matrix through vesicle trafficking, it is not surprising that vesicle trafficking can have dramatic effects on cell expansion. In root hairs, it is assumed the polar delivery of vesicles to the growing tip is one of the key regulating aspects for expansion rate (Parton et al., 2001; Ovecka et al., 2005) . It is presumed, in part, that vesicles comprised of CSCs delivered to the plasma membrane by cortical MTs and actin filaments control the rate of cell wall expansion (Wightman and Turner, 2008; Crowell et al., 2009) . Similarly, regulation of cellulose synthesis can occur through control of endocytosis of CESAs from the plasma membrane. In the rsw9 mutant deficient in DYNAMIN RELATED PROTEIN 1A, disrupted endocytosis leads to cellulose deficiency as a result of altered CSC trafficking (Collings et al., 2008) . While the cytoskeleton is critical for CSC delivery and activation at the plasma membrane, it does not appear to impact CESA insertion (Sampathkumar et al., 2013) . This has led to the hypothesis that interaction between the cytoskeleton and auxin impacts delivery of CSCs, and the length and orientation of cellulose microfibrils.
Crosstalk, conclusions, and perspectives
Here we propose a model illustrating crosstalk between auxin signaling, cell wall architecture, and MTs that leads to cell wall loosening and expansion (Fig. 2) . The model takes into account recently published work showing that: (i) microtubule-binding components of CSCs can both direct the cell wall synthesis machinery and stabilize microtubules; (ii) CLASP/SNX1 complexes promote both microtubule stability and recycling of PIN2; (iii) stabilization of cortical MTs by the Kin7/separase complex is essential for PIN2 polarity in root cortex cells; and (iv) auxin promotes transcription, delivery, and activity of H + -ATPase and K + channels. Higher auxin concentrations stimulate transcription of genes encoding H + -ATPase and K + channels ( Fig. 2A ). Accumulation and activation of H + -ATPases in the plasma membrane promotes cell wall loosening by: (i) acidification of the cell wall matrix; (ii) higher activity of EXPs and XTHs; (iii) random demethylesterification of pectin that leads to decreased pectin/extensin interactions; and (iv) degradation of pectin polysaccharides. Finally, accumulation of K + channels increases water uptake into the cell, required for turgordriven expansion (Hager et al., 1991; Philippar et al., 1999) . Compromising microtubule stability by either genetic or pharmacological means causes reduction of PIN2 recycling and depletion of PIN2 at the plasma membrane. Similarly, disruption of cell wall synthesis could diminish the microtubule-stabilizing effect of CSCs and ultimately reduce stability of cortical MTs, perturb PIN localization, and affect cell expansion.
Microtubule stabilization by CC, CSI1, Kin7/separase, and CLASP promotes delivery and recycling of PIN2 to the plasma membrane through SNX1 and potentially other pathways. Accumulation of PIN2 at the plasma membrane increases auxin efflux. Once the efflux rate exceeds the influx, auxin concentration in the cytoplasm decreases (Fig. 2B) . Consequently, the abundance and activity of H + -ATPases and K + channels at the plasma membrane become diminished through both transcriptional and post-translational mechanisms, causing higher extracellular pH, lower EXP and XTH activity, and reduction of water uptake into the cell. The net effect of this state would be stiffening of the cell wall and thus a reduction in cell expansion. Although MTs are known to influence the formation of auxin gradients by modulating delivery and targeting of PIN2 to the plasma membrane, how MT dynamics are balanced to achieve steady auxin levels in cells is poorly understood. The next important step will be to understand the feedback between auxin concentrations and the activity of CLASP/SNX1 and Kin7/separase complexes. In addition, the crosstalk between auxin and other signaling pathways in the regulation of the cytoskeleton, cell wall biosynthesis, and vesicle trafficking remain critical questions to be addressed in future work.
